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1. 

OPTICAL ANALYSIS SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a 35 USC S 371 National Stage 
application of PCT Application PCT/103/05467 filed Nov. 
21, 2003, which claims the benefit under 35 USC S 119(a) 
of European Patent Office (EPO) Application No. 
02080427.4 filed Dec. 19, 2002. 

BACKGROUND 

The invention relates to an optical analysis system for 
determining an amplitude of a principal component of an 
optical signal, the optical analysis system comprising a first 
detector for detecting the optical signal weighted by a first 
spectral weighting function, and a second detector for 
detecting the optical signal weighted by a second spectral 
weighting function. 

The invention also relates to a spectroscopic analysis 
system comprising such an optical analysis system. 
The invention also relates to a blood analysis system 

comprising Such an optical analysis system. 
U.S. Pat. No. -B1-6,198,531 discloses an embodiment of 

an optical analysis system described in the opening para 
graph. 
The known optical analysis system is part of a spectro 

scopic analysis system Suited for, e.g., analyzing which 
compounds are comprised at which concentrations in a 
sample. It is well known that light interacting with the 
sample carries away information about the compounds and 
their concentrations. The underlying physical processes are 
exploited in optical spectroscopic techniques in which light 
of a light source Such as, e.g., a laser, a lamp or light 
emitting diode is directed to the sample for generating an 
optical signal which carries this information. 

For example, light may be absorbed by the sample. 
Alternatively or in addition, light of a known wavelength 
may interact with the sample and thereby generate light at a 
different wavelength due to, e.g., a Raman process. The 
transmitted and/or generated light then constitutes the opti 
cal signal which may also be referred to as the spectrum. The 
relative intensity of the optical signal as function of the 
wavelength is then indicative of the compounds comprised 
in the sample and their concentrations. 
The optical signal has to be analyzed so as to identify the 

compounds comprised in the sample and to determine their 
concentrations. In the known optical analysis system the 
optical signal is analyzed by dedicated hardware comprising 
an optical filter. This optical filter has a transmission which 
depends on the wavelength, i.e. it is designed to weigh the 
optical signal by a spectral weighting function which is 
given by the wavelength dependent transmission. The spec 
tral weighting function is chosen such that the total intensity 
of the weighted optical signal, i.e. of the light transmitted by 
the filter, is directly proportional to the concentration of a 
particular compound. This intensity can then be conve 
niently detected by a detector Such as, e.g., a photo-diode. 
For every compound a dedicated optical filter with a char 
acteristic spectral weighting function is used. The optical 
filter may be, e.g., an interference filter having a transmis 
sion constituting the desired weighting function. 

For Successful implementation of this analysis scheme it 
is essential to know the spectral weighting functions. They 
may be obtained, e.g., by performing a principal component 
analysis of a set comprising N spectra of N pure compounds 
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2 
of known concentration where N is an integer. Each spec 
trum comprises the intensity of the corresponding optical 
signal at M different wavelengths, where M is an integer as 
well. Typically, M is much larger than N. Each spectrum 
containing M intensities at corresponding M wavelengths 
constitutes an M-dimensional vector whose M components 
are these intensities. These vectors are subjected to a linear 
algebraic process known as singular value decomposition 
(SVD) which is the core of principal component analysis 
and is well understood in this art. 
As a result of the SVD a set of Neigenvectors Z, with n 

being a positive integer smaller than N+1, is obtained. The 
eigenvectors Z, are linear combinations of the original N 
spectra and often referred to as principal components or 
principal component vectors. Typically, the principal com 
ponents are mutually orthogonal and determined as normal 
ized vectors with Z, -1. Using the principal components Z. 
the optical signal of a sample comprising the compounds of 
unknown concentration may be described by the combina 
tion of the normalized principal components multiplied by 
the appropriate scalar multipliers: 

The scalar multipliers X, with n being a positive integer 
smaller than N+1, may be considered as the amplitudes of 
the principal components Z in a given optical signal. Each 
multiplier X, can be determined by treating the optical signal 
as a vector in the M dimensional wavelength space and 
calculating the direct product of this vector with a principal 
component vector Z. This yields the amplitude X, of the 
optical signal in the direction of the normalized eigenvector 
Z. The amplitudes X, correspond to the concentrations of the 
N compounds. 

In the known optical analysis system the calculation of the 
direct product of the vector representing the optical signal 
and the eigenvector representing the principal component is 
implemented in the hardware of the optical analysis system 
by means of the optical filter. The optical filter has a 
transmittance Such that it weighs the optical signal according 
to the components of the eigenvector representing the prin 
cipal component, i.e. the principal component vector con 
stitutes the spectral weighting function. The filtered optical 
signal can be detected by a detector which generates a signal 
with an amplitude proportional to the amplitude of the 
principal component and hence to the concentration of the 
corresponding compound. 

In a physical sense, each principal component is a con 
structed 'spectrum' with a shape in a wavelength range 
within the optical signal. In contrast to a real spectrum, a 
principal component may comprise a positive part in a first 
spectral range and a negative part in a second spectral range. 
In this case the vector representing this principal component 
has positive components for the wavelengths corresponding 
to the first spectral range and negative components for the 
wavelengths corresponding to the second spectral range. 
An embodiment of the known optical analysis system is 

designed to perform the calculation of the direct product of 
the vector representing the optical signal and the eigenvector 
representing the principal component in the hardware in 
cases where the principal component comprises a positive 
part and a negative part. To this end, a part of the optical 
signal is directed to a first filter which weighs the optical 
signal by a first spectral weighting function corresponding to 
the positive part of the principal component, and a further 
part of the optical signal is directed to a second filter which 
weighs the optical signal by a second spectral weighting 
function corresponding to the negative part of the principal 
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component. The light transmitted by the first filter and by the 
second filter is detected by a first detector and a second 
detector, respectively. The signal of the second detector is 
then subtracted from the signal of the first detector, resulting 
in a signal with an amplitude corresponding to the concen 
tration. 

In another embodiment the known optical analysis system 
is able to determine the concentrations of a first compound 
and of a second compound by measuring the amplitudes of 
a corresponding first principal component and of a second 
principal component. To this end, a part of the optical signal 
is directed to a first filter which weighs the optical signal by 
a first spectral weighting function corresponding to the first 
principal component, and a further part of the optical signal 
is directed to a second filter which weighs the optical signal 
by a second spectral weighting function corresponding to the 
second principal component. The light transmitted by the 
first filter and by the second filter is detected by a first 
detector and a second detector, respectively. The signals of 
the first detector and the second detector correspond to the 
amplitudes of the first principal component and of the 
second principal component, respectively. 

It is a disadvantage of the known optical analysis system 
that the signal-to-noise ratio is relatively low. 

SUMMARY 

It is an object of the invention to provide an optical 
analysis system of the kind described in the opening para 
graph, which is capable of providing a signal with a rela 
tively high signal-to-noise ratio. 

The invention is defined by the independent claims. The 
dependent claims define advantageous embodiments. 

According to the invention the object is realized in that the 
optical analysis system further comprises a dispersive ele 
ment for spectrally dispersing the optical signal, and a 
distribution element for receiving the spectrally dispersed 
optical signal and for distributing a first part of the optical 
signal, weighted by the first spectral weighting function, to 
the first detector and a second part of the optical signal, 
weighted by the second spectral weighting function, to the 
second detector. 
The invention is based on the insight that the signal to 

noise ratio is relatively low in the known optical analysis 
system, because a significant part of the optical signal is not 
detected by any of the detectors, but blocked by, e.g., the first 
optical filter or the second optical filter. For instance, the 
optical signal received by the first optical filter comprises all 
information but the first filter transmits only the part of the 
optical signal corresponding to the first weighting function 
whereas the part of the optical signal corresponding to the 
second weighting function is blocked by the filter. The light 
blocked by the first optical filter and the second optical filter 
is not detected, leading to a reduced signal-to-noise ratio. 

According to the invention this reduction of the signal 
to-noise ratio is at least partly avoided. To this end, the 
optical analysis system comprises a dispersive element Such 
as, e.g., a grating or a prism for spectrally dispersing the 
optical signal. The spectrally dispersed optical signal is 
received by a distribution element, i.e. different parts of the 
distribution element receive different wavelengths of the 
optical signal. For individual wavelengths the distribution 
element is arranged to distribute a first part of the optical 
signal, weighted according to the first spectral weighting 
function, to the first detector and a second part of the optical 
signal, weighted according to the second spectral weighting 
function, to the second detector. Thus, instead of partly 
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4 
blocking the optical signal as is done by the first optical filter 
and the second optical filter of the known optical analysis 
system, the different parts of the optical signal are directed 
to different detectors. As a consequence a larger amount of 
the optical signal is detected, yielding an improved signal 
to-noise ratio. 

According to the invention the optical signal is not 
restricted to optical signals having wavelengths which are 
visible to the human eye. The optical signal may comprise 
spectral components in the ultraviolet (UV) and/or in the 
infrared (IR) spectral range. Here, the IR spectral range may 
comprise the near infrared (NIR) and the far infrared (FIR) 
which has a frequency above 1 THz, and all intermediate 
wavelengths as well. 

According to the invention the principal component is not 
limited to a pure principal component. Here, a pure principal 
component refers to a mathematically exact eigenvector for 
a certain compound. A principal component may also com 
prise minor contributions from other compounds which may 
result from imperfections in the determination of the prin 
cipal components. A principal component may also corre 
spond to a mixture of several compounds of known con 
centration. 

In an embodiment the principal component comprises a 
positive part in a first spectral range and a negative part in 
a second spectral range, the first part of the optical signal 
weighted by the first spectral weighting function corre 
sponding to the positive part, the second part of the optical 
signal weighted by the second spectral weighting function 
corresponding to the negative part, the first detector and the 
second detector being coupled to a signal processor arranged 
to subtract a signal generated by the second detector from a 
signal generated by the first detector. In this embodiment an 
optical signal comprising a principal component having a 
positive part and a negative part can be analyzed with an 
improved signal-to-noise ratio. Typically, the first spectral 
range is free from the second spectral range. 

In another embodiment the principal component com 
prises a first principal component and a second principal 
component, the first part of the optical signal weighted by 
the first spectral weighting function corresponding to the 
first principal component, the second part of the optical 
signal weighted by the second spectral weighting function 
corresponding to the second principal component. This 
optical analysis system is particularly Suited for analyzing 
samples comprising two or more compounds each having a 
corresponding principal component. It provides the concen 
trations of the two or more compounds with an improved 
signal-to-noise ratio. 

In yet another embodiment the principal component com 
prises a first principal component and a second principal 
component, and the first principal component and/or the 
second principal component comprises a positive part in a 
first spectral range and a negative part in a second spectral 
range. 

It is advantageous if the distribution element has a surface 
for receiving the spectrally dispersed optical signal, the 
Surface comprising a first set of Surface elements and a 
second set of surface elements, the surface elements of the 
first set being arranged to distribute the spectrally dispersed 
optical signal to the first detector, the surface elements of the 
second set being arranged to distribute the spectrally dis 
persed optical signal to the second detector. In this embodi 
ment, each Surface element receives, in dependence on its 
position and its Surface area, a certain portion of the spec 
trally dispersed optical signal. The first weighting function is 
then determined by the positions and the surface areas of the 
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Surface elements of the first set, and the second weighting 
function is determined by the positions and the Surface areas 
of the surface elements of the second set. The spectrally 
dispersed optical signal received by the Surface may be 
reflected and/or diffracted by the surface. Alternatively, it 
may be transmitted and refracted and/or diffracted. 

This embodiment has the advantage that the distribution 
element can be manufactured relatively easily by, e.g., using 
a transparent Substrate such as a glass Substrate which is 
provided with Surface elements by etching and/or polishing. 
Alternatively, the Substrate may be manufactured using an 
appropriately shaped mold. An additional advantage of a 
transparent Substrate is that the optical signal loss is rela 
tively low. 

In another embodiment the distribution element com 
prises an array of liquid crystal cells arranged to form a first 
set of Sub-arrays having refractive index gradients, and a 
second set of Sub-arrays having refractive index gradients, 
the sub-arrays of the first set being arranged to distribute the 
spectrally dispersed optical signal to the first detector, the 
Sub-arrays of the second set being arranged to distribute the 
spectrally dispersed optical signal to the second detector. 
The index of refraction of the cell is controlled by 

applying a Voltage to a cell of the liquid crystal array. A 
sub-array of cells with a refractive index gradient is created 
by applying different Voltages to neighboring cells. The 
gradient can be adjusted by adjusting the Voltages. The 
spectrally dispersed optical signal is refracted by the refrac 
tive index gradients of the sub-arrays. The sub-arrays of the 
first set refract the optical signal to the first detector, and the 
Sub-arrays of the second set refract the optical signal to the 
second detector. In this embodiment, analogously to the 
embodiment described above, each sub-array receives, in 
dependence on its position, a certain spectral portion of the 
spectrally dispersed optical signal. The first weighting func 
tion is then determined by the positions and the Surface areas 
of the Sub-arrays of the first set, and the second weighting 
function is determined by the positions and the Surface areas 
of the sub-arrays of the second set. 

This embodiment has the advantage that the first spectral 
weighting function and the second spectral weighting func 
tion can be adjusted relatively easily by adjusting the 
Voltages applied to the cells of the liquid crystal array. This 
is particularly useful because the same distribution element 
can be used to analyze optical signals comprising different 
principal components. 

It is advantageous if the dispersive element is arranged to 
disperse the optical signal in a dispersive plane and the 
optical analysis system further comprises a focusing mem 
ber for focusing the dispersed optical signal, the focusing 
member having a first focal distance in the dispersive plane 
and a second focal distance in a plane perpendicular to the 
dispersive plane, the first focal distance being different from 
the second focal distance. In this embodiment the spectrally 
dispersed optical signal is focused on the distribution ele 
ment such that the different spectral components of the 
optical signal are received by different portions of the 
distribution element. It is then possible to selectively dis 
tribute different wavelengths to different detectors. It is 
advantageous if the focusing member is arranged to focus 
the dispersed optical signal in the dispersive plane on the 
distribution element. 

In this embodiment it is also advantageous if the optical 
analysis system further comprises a further focusing mem 
ber for focusing the first part of the optical signal on the first 
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6 
detector. This allows the use of a first detector having a 
relatively small detection area for efficiently detecting the 
first part. 

For an efficient detection using detectors with an even 
Smaller detection area it is advantageous if the optical 
analysis system further comprises a further dispersive ele 
ment for spectrally recombining the first part of the optical 
signal prior to focusing the first part on the first detector. The 
first part of the optical signal distributed by the distribution 
element is in principle still spectrally dispersed, thus limit 
ing the possibility to focus the first part to a small detection 
area. By using a further dispersive element, the first part of 
the optical signal is spectrally recombined which allows for 
focusing it to a smaller area. Therefore, a smaller first 
detector placed in this focus can be used. Alternatively, a 
pinhole or aperture may be placed in this focus to implement 
a confocal detection scheme. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects of the optical analysis system, the 
spectroscopic analysis system and the blood analysis system 
according to the invention will be further elucidated and 
described with reference to the drawings, in which: 

FIGS. 1A and 1B are schematic diagrams of the beam 
paths in the dispersive plane and in a plane perpendicular to 
the dispersive plane, respectively, of an embodiment of the 
optical analysis system; 

FIG. 2 is a schematic diagram of the beam paths in a plane 
perpendicular to the dispersive plane of another embodiment 
of the optical analysis system; 

FIG. 3 is a cross-section of an embodiment of the distri 
bution element; 

FIG. 4 is a cross-section of another embodiment of the 
distribution element; 

FIGS. 5A and 5B are schematic diagrams of the beam 
paths in the dispersive plane and in a plane perpendicular to 
the dispersive plane, respectively, of another embodiment of 
the optical analysis system, the beam paths in the plane 
perpendicular to the dispersive plane being unfolded for 
simplicity; and 

FIG. 6 is a schematic diagram of a blood analysis system 
comprising a spectroscopic analysis system having an opti 
cal analysis system. 
The Figures are not drawn to Scale. In general, identical 

components are denoted by the same reference numerals. 

DETAILED DESCRIPTION 

The optical analysis system 1 for determining an ampli 
tude of a principal component of an optical signal, shown in 
FIGS. 1A and 1B, comprises a dispersive element 2 for 
spectrally dispersing the optical signal. The dispersive ele 
ment 2 is a grating which spectrally disperses the optical 
signal in a dispersive plane. The beam paths in this disper 
sive plane are shown in FIG. 1A, the beam paths in a plane 
perpendicular to the dispersive plane being shown in FIG. 
1B. Instead of a grating, other dispersive elements such as, 
e.g., a prism may be used. 
The optical analysis system further comprises a focusing 

member 3 for focusing the dispersed optical signal. The 
focusing member 3 has a first focal distance in the dispersive 
plane shown in FIG. 1A and a second focal distance in a 
plane perpendicular to the dispersive plane shown in FIG. 
1B. In this embodiment the focusing member 3 is cylinder 
lens which focuses the dispersed optical signal in the dis 
persive plane, but not in the plane perpendicular to the 
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dispersive plane. The first focal distance F is different from 
the second focal distance F, which is infinite. In alternative 
embodiments the focusing member 3 is an aspherical lens 
having two finite focal distances F and F. Alternatively, the 
focusing member may be an aspherical mirror. 
The focusing member 3 is arranged to focus the dispersed 

optical signal in the dispersive plane on the distribution 
element 4. In the dispersive plane, rays of different wave 
lengths are focused on different parts of the distribution 
element 4. In FIGS. 1A and 1B two rays of different 
wavelength are depicted by way of example by a dashed line 
and by a dashed double dotted line, respectively. 
The distribution element 4 receives the spectrally dis 

persed optical signal and distributes a first part of the optical 
signal, weighted by the first spectral weighting function, to 
a first detector 5 and a second part of the optical signal, 
weighted by the second spectral weighting function, to a 
second detector 6. Embodiments of the distribution element 
4 are shown in FIGS. 3 and 4 and will be discussed below. 
The first detector 5 and the second detector 6 may be any 
type of detector Suited to detect light. They may be, e.g., two 
separate photodiodes or a split detector. 

In the embodiment shown in FIGS. 1A and 1B the optical 
signal comprises a principal component having a positive 
part in a first spectral range and a negative part in a second 
spectral range. A particular ray of a wavelength w of the first 
spectral range and a particular ray of a wavelength w of the 
second spectral range are depicted by the dashed line and the 
dashed double dotted line, respectively. The first part of the 
optical signal weighted by the first spectral weighting func 
tion corresponds to the positive part and is detected by the 
first detector 5. The second part of the optical signal 
weighted by the second spectral weighting function corre 
sponds to the negative part and is detected by the second 
detector 6. The first detector 5 and the second detector 6 are 
coupled to a signal processor 7 arranged to Subtract a signal 
generated by the second detector 6 from a signal generated 
by the first detector 5. 

In another embodiment the principal component com 
prises a first principal component and a second principal 
component, the first part of the optical signal weighted by 
the first spectral weighting function corresponding to the 
first principal component while the second part of the optical 
signal weighted by the second spectral weighting function 
corresponds to the second principal component. When the 
first spectral weighting function and the second spectral 
weighting function do not overlap, the optical analysis 
system shown in FIGS. 1A and 1B may be used. However, 
when the first spectral weighting function and the second 
spectral weighting function overlap at least partly, it is 
required that the optical signal of a particular wavelength is 
partly detected by the first detector 5 and partly by the 
second detector 6. The beam paths in the dispersive plane 
may in this embodiment be identical to that shown in FIG. 
1A. The beam paths in the plane perpendicular to the 
dispersive plane are shown in FIG. 2. The wavelength 
depicted by the dashed line is partly detected by the first 
detector 5 and by the second detector 6. The same holds for 
the wavelength depicted by the dashed double dotted line. 
For all wavelengths the relative amounts detected by the two 
detectors 5 and 6 are determined by the two spectral weight 
ing functions. As will be explained below the distribution 
element 4 is designed to distribute the optical signal to the 
two detectors 5 and 6 accordingly. 

In the embodiment shown in FIG. 3, the distribution 
element 4 is a transparent glass Substrate which has a Surface 
10 for receiving the spectrally dispersed optical signal. The 
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8 
surface 10 comprises a first set of surface elements 11 and 
a second set of surface elements 12. The surface elements 11 
of the first set are arranged to distribute the spectrally 
dispersed optical signal to the first detector 5, corresponding 
rays being depicted by a dotted line. The surface elements 12 
of the second set are arranged to distribute the spectrally 
dispersed optical signal to the second detector 6, corre 
sponding rays being depicted by a dashed dotted line. In the 
embodiment of FIG. 3 the surface elements 11 of the first set 
are mutually substantially parallel and tilted with respect to 
the surface elements 12 of the second set, which are mutu 
ally Substantially parallel as well. This is advantageous in 
cases where the distribution element 4 is situated substan 
tially in the focal plane of the focusing member 3. However, 
it is not essential according to the invention. In an alternative 
embodiment, not shown, the distribution element comprises 
a Substrate with a concave and/or convex surface in which 
the surface elements are integrated. In this embodiment the 
distribution element may be integrated with the focusing 
member 3 or with the further focusing member 8. 

In FIG. 3 the distribution element 4 is shown in a 
cross-sectional view in a plane parallel to the dispersive 
plane. The part of the distribution element 4 which is shown 
enlarged in the upper right part of FIG. 3 receives a first 
wavelength range of the optical signal. Because the Surface 
elements 11 of the first set and the surface elements 12 of the 
second set have the same Surface areas in a projection 
perpendicular to the propagation direction of the spectrally 
dispersed optical signal, 50% of the optical signal in the first 
wavelength range is distributed to the first detector 5 and 
50% to the second detector 6, respectively. 
The part of distribution element 4 which is shown 

enlarged in the lower right part of FIG.3 receives a second 
wavelength range of the optical signal. Because of the 
surface areas of the surface elements 11 and of the surface 
elements 12 seen in a projection perpendicular to the propa 
gation direction of the spectrally dispersed optical signal, 
50% of the optical signal in the second wavelength range is 
distributed to the first detector 5 and 25% to the second 
detector 6, respectively. The surface 10 of the distribution 
element 4 further comprises a third set of surface elements 
13 which may direct 25% of the optical signal with the 
wavelength of the second spectral component to a third 
detector or to a beam dump where it is absorbed. In this 
embodiment the surface elements 13 are mutually parallel, 
but alternatively they may have any other orientation as long 
as they do not distribute the optical signal to the first detector 
5 or the second detector 6. The surface elements 13 may be 
useful in some cases to satisfy the normalization condition 
of the principal component vector. In this embodiment the 
first spectral weighting function and the second spectral 
weighting function are determined by the positions and the 
surface areas of the surface elements 11 and the surface 
elements 12. 

In another embodiment, not shown, the distribution ele 
ment 4 is similar to that shown in FIG. 3, but the spectrally 
dispersed optical signal is not refracted as in FIG. 3, but 
reflected. 
The glass substrate shown in FIG. 3 is an optical element 

which refracts the spectrally dispersed optical signal because 
its optical thickness d, i.e. the index of refraction n multi 
plied by the geometrical thickness t, dt n, is a function of 
the position. Substantially the same pattern of the optical 
thickness d can be obtained in an alternative embodiment as 
shown in FIG. 4. Instead of a glass substrate the distribution 
element 4 comprises an array 20 of liquid crystal elements 
arranged to create Substantially the same pattern of the index 
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of refraction n. To this end, a first set of sub-arrays 21 having 
mutually parallel refractive index gradients and a second set 
of sub-arrays 22 having mutually parallel refractive index 
gradients are formed. The refractive index gradients of the 
first set are tilted with respect to the refractive index gradi 
ents of the second set. Analogous to the distribution element 
with the surface 10 with surface elements 11 and 12, it is not 
essential that the refractive index gradients are mutually 
parallel. The index of refraction n of each column C is 
controlled by the voltage V applied to the cells of the column 
as is shown in the upper right corner of FIG. 4. The 
sub-arrays 21 of the first set are arranged to distribute the 
spectrally dispersed optical signal to the first detector 5, 
corresponding rays being depicted by a dotted line. The 
sub-arrays 22 of the second set are arranged to distribute the 
spectrally dispersed optical signal to the second detector 6. 
corresponding rays being depicted by a dashed dotted line. 
In this embodiment the position and the surface area of the 
sub-arrays 21 and 22 of the first set and the second set, 
respectively, determine the first spectral weighting function 
and the second spectral weighting function. 

In the embodiment shown in FIGS. 1A, 1B and 2, the 
optical analysis system 1 further comprises a further focus 
ing member 8 for focusing the first part of the optical signal 
on the first detector 5. In the embodiment of FIGS. 1A, 1B 
and 2 the further focusing member 8 is a lens. Alternatively 
or in addition, a focusing mirror may be used. 

In the embodiment shown in FIGS.5A and 5B, the optical 
analysis system 1 further comprises a further dispersive 
element 9 for spectrally recombining the first part of the 
optical signal prior to focusing the first part on the first 
detector 5. In this embodiment the optical signal enters the 
optical analysis system 1 from a point Source 14 which may 
be, e.g., a pinhole in a confocal detection scheme. The 
optical analysis system 1 comprises a lens 15 for collimating 
the optical signal, and a dispersive element 2, being a 
grating, and a focusing member 3, being a cylinder lens, 
analogously to the optical analysis system 1 shown in the 
FIGS. 1A, 1B and 2. The focusing member 3 is arranged to 
focus the dispersed optical signal on the distribution element 
4. In this embodiment the distribution element 4 shown in 
FIG. 3 is arranged to reflect the dispersed optical signal back 
towards the focusing member 3 for re-collimation. The 
re-collimated optical signal is then still spectrally dispersed; 
this limits the possibility to focus it to a relatively small spot 
size. To spatially recombine the optical signal it is sent to the 
fixer dispersive element 9 which in this embodiment is the 
dispersive element 3, i.e. the dispersive element 3 and the 
further dispersive element 9 are integrated in one grating. 
The spectrally recombined optical signal weighted by the 
first spectral weighting function and the spectrally recom 
bined optical signal weighted by the second spectral weight 
ing function are focused on the first detector 5 and the 
second detector 6 by the lens 15. 

In another embodiment, not shown, the distribution ele 
ment 4 transmits and refracts the spectrally dispersed optical 
signal and the further dispersive element 9 is arranged to 
spectrally recombine the optical signal weighted by the first 
spectral weighting function prior to focusing it on the first 
detector 5. 
The blood analysis system 40 shown in FIG. 6 comprises 

a spectroscopic analysis system 30. The spectroscopic 
analysis system 30 comprises a light source 31 for illumi 
nating a sample 32. The light source 31 may be, e.g., a 
light-emitting diode, a lamp or a laser. In this embodiment 
the sample 32 is a blood vessel in a finger of a hand. The 
blood vessel is illuminated by a diode to generate an optical 
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signal having a principal component with an amplitude. This 
optical signal may be, e.g., a Raman signal having distinct 
components indicative of distinct blood compounds such as, 
e.g., glucose, lactate, cholesterol, oxy-hemoglobin and/or 
desoxy-hemoglobin. Each of the compounds has a corre 
sponding principal component. To analyze the concentra 
tions of these compounds, the spectroscopic analysis system 
30 comprises an optical analysis system 1 for determining 
the amplitude of the principal component of the optical 
signal as described above. 
To determine the concentrations of the compounds, the 

signals generated by the first detector 5 and the second 
detector 6 are further processed by a signal processor 41 of 
the blood analysis system 40. The signal processor 41 has a 
memory comprising amplitudes of the principal components 
and the corresponding concentrations of the compounds. 
The concentrations derived from the amplitudes of the 
principal component are displayed by a display element 42. 

In Summary, the optical analysis system 1 is arranged to 
determine an amplitude of a principal component of an 
optical signal. The optical analysis system 1 comprises a first 
detector 5 for detecting the optical signal weighted by a first 
spectral weighting function, and a second detector 6 for 
detecting the optical signal weighted by a second spectral 
weighting function. For an improved signal-to-noise ratio, 
the optical analysis system 1 further comprises a dispersive 
element 2 for spectrally dispersing the optical signal, and a 
distribution element 4 for receiving the spectrally dispersed 
optical signal and for distributing a first part of the optical 
signal weighted by the first spectral weighting function to 
the first detector 5 and a second part of the optical signal 
weighted by the second spectral weighting function to the 
second detector 6. The spectroscopic analysis system 30 and 
the blood analysis system 40 each comprise an optical 
analysis system 1 according to the invention. 

It should be noted that the above-mentioned embodiments 
illustrate rather than limit the invention, and that those 
skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the 
appended claims. In the claims, any reference signs placed 
between parentheses shall not be construed as limiting the 
claim. The word “comprising does not exclude the presence 
of other elements or steps than those listed in a claim. The 
word “a” or “an' preceding an element does not exclude the 
presence of a plurality of Such elements. 
The invention has been described with reference to the 

preferred embodiments. Modifications and alterations may 
occur to others upon reading and understanding the preced 
ing detailed description. It is intended that the invention be 
constructed as including all Such modifications and alter 
ations insofar as they come within the scope of the appended 
claims or the equivalents thereof. 
The invention claimed is: 
1. An optical analysis system for determining an ampli 

tude of a principal component of an optical signal, the 
optical analysis system comprising: 

a first detector for detecting the optical signal weighted by 
a first spectral weighting function, 

a second detector for detecting the optical signal weighted 
by a second spectral weighting function, 

a dispersive element for spectrally dispersing the optical 
signal, and 

a distribution element for receiving the spectrally dis 
persed optical signal and for distributing a first part of 
the optical signal, weighted by the first spectral weight 
ing function, to the first detector and a second part of 
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the optical signal, weighted by the second spectral 
weighting function, to the second detector. 

2. An optical analysis system as claimed in claim 1, 
wherein the principal component comprises a positive part 
in a first spectral range and a negative part in a second 
spectral range, the first part of the optical signal weighted by 
the first spectral weighting function corresponding to the 
positive part, the second part of the optical signal weighted 
by the second spectral weighting function corresponding to 
the negative part, the first detector and the second detector 
being coupled to a signal processor arranged to Subtract a 
signal generated by the second detector from a signal 
generated by the first detector. 

3. An optical analysis system as claimed in claim 1, 
wherein the principal component comprises a first principal 
component and a second principal component, the first part 
of the optical signal weighted by the first spectral weighting 
function corresponding to the first principal component, the 
second part of the optical signal weighted by the second 
spectral weighting function corresponding to the second 
principal component. 

4. An optical analysis system as claimed in claim 1, 
wherein the distribution element has a surface for receiving 
the spectrally dispersed optical signal, the Surface compris 
ing a first set of Surface elements and a second set of Surface 
elements, the Surface elements of the first set being arranged 
to distribute the spectrally dispersed optical signal to the first 
detector, the Surface elements of the second set being 
arranged to distribute the spectrally dispersed optical signal 
to the second detector. 

5. An optical analysis system as claimed in claim 1, 
wherein the distribution element comprises an array of 
liquid crystal elements arranged to form a first set of 
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Sub-arrays having refractive index gradients, and a second 
set of Sub-arrays having refractive index gradients, the 
sub-arrays of the first set being arranged to distribute the 
spectrally dispersed optical signal to the first detector, the 
Sub-arrays of the second set being arranged to distribute the 
spectrally dispersed optical signal to the second detector. 

6. An optical analysis system as claimed in claim 1, 
wherein the dispersive element is arranged to disperse the 
optical signal in a dispersive plane and the optical analysis 
system further comprises a focusing member for focusing 
the dispersed optical signal, the focusing member having a 
first focal distance in the dispersive plane and a second focal 
distance in a plane perpendicular to the dispersive plane, the 
first focal distance being different from the second focal 
distance. 

7. An optical analysis system as claimed in claim 6. 
further comprising a further focusing member for focusing 
the first part of the optical signal on the first detector. 

8. An optical analysis system as claimed in claim 7. 
further comprising a further dispersive element for spec 
trally recombining the first part of the optical signal prior to 
focusing the first part on the first detector. 

9. A spectroscopic analysis system comprising: 
a light source for illuminating a sample, thereby gener 

ating an optical signal having a principal component 
with an amplitude, and 

an optical analysis system for determining the amplitude 
of the principal component of the optical signal as 
claimed in claim 1. 

10. A blood analysis system comprising a spectroscopic 
analysis system as claimed in claim 9. 
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